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OBJECT FILE SYSTEM

RELATED APPLICATION INFORMATION

This patent 1s a continuation of U.S. application Ser. No.
12/873,137 filed Aug. 31, 2010 entitled OBJECT FILE SYS-

TEM, now U.S. Pat. No. 8,849,877 1ssued Sep. 30, 2014.

NOTICE OF COPYRIGHTS AND TRADE DRESS

A portion of the disclosure of this patent document con-
tains material which 1s subject to copyright protection. This
patent document may show and/or describe matter which is or
may become trade dress of the owner. The copyright and trade
dress owner has no objection to the facsimile reproduction by
anyone of the patent disclosure as it appears 1n the Patent and
Trademark Office patent files or records, but otherwise
reserves all copyright and trade dress rights whatsoever.

BACKGROUND

1. Field

This disclosure relates to the organization of electronic
files 1n a file system and accessing those files on a storage
medium.

2. Description of the Related Art

A file system 1s used to store and organize computer data
including files. File systems allow data and files to be found,
read, deleted, and otherwise accessed. File systems store data
on one or more storage devices. File systems store data and
address data in units typically called clusters or blocks. Popu-
lar file systems include FAT and FAT-32, short for File Allo-
cation Table; NTFS, short for NT File System, used on
Microsoit Windows operating systems; MFES, a T1Vo propri-
ctary file system, short for Media File System; UFS, short for
Unix File System, and many others.

Web applications may store large numbers of documents,
images, videos and other object-like agglomerations of data.
This can be implemented with a distributed hierarchical file
system that includes a database to store information about
stored objects.

DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a block diagram of a first embodiment of an object
file system.

FIG. 2 1s a block diagram of a second embodiment of an
object file system.

FIG. 3 1s a block diagram of an embodiment of an object
identifier.

FIG. 4 1s a flow chart of the actions taken to write an object
to an object file system.

FIG. 5 1s a flow chart of the actions taken to read an object
stored on an object file system.

FI1G. 6 1s a flow chart of the actions taken to delete an object
stored on an object file system.

FI1G. 7 1s a flow chart of the actions taken to reserve space
for an object to be stored on an object file system.

FIG. 8 1s a flow chart of the actions taken to implement a
reserve write for an object to be stored on an object file
system.

DETAILED DESCRIPTION

Environment
FI1G. 1 1s a block diagram of a first embodiment of an object
file system 100. A server 110 may include an application
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2

program 112 which accesses data. As used herein, the term
application refers to software that executes at the highest
layer of the Open System for Interconnection (OSI) model.
Some applications may store a large amount of data. Such
applications include, for example, the software used to run
social networking websites (e.g., facebook.com), photo shar-
ing websites (e.g., tlickr.com), newspaper and magazine web-
sites (e.g., nytimes.com and life.com), scientific lab data cap-
turing and analysis programs, video and film creation
soltware, and others. Applications may store data 1n the form
of objects on an object file system (OFS).

The term data as used herein includes a bit, byte, word,
block, stripe or other unit of information. Data may represent
the information for an object. As used herein, an object refers
to a group of data that 1s a file or portion of a file that
represents text, numbers, data, 1mages, photographs, graph-
ics, audio, video, and/or a combination of these. Many data
intensive applications store a large quantity of data and read
or access the data 1n frequently or 1n a limited fashion.

The object file system provides only limited access to
stored data. Only a limited command set 1s supported by the
OFS. In one embodiment, the OFS supports only three com-
mands: put (that 1s, write or store or set), get (that 1s, read) and
delete. The OFS may also support two additional commands:
reserve to reserve space for an object, and reserve write to
write the reserved object. To read, write and delete data stored
on the object file system, the application program 112 may
communicate with an object access system (OAS) program or
interface or module 114 on the server 110. The application
program 112 makes calls to or uses the object access system
114 to read, write and delete objects stored on the storage
nodes 150. The OAS 114 may provide a proprietary or well
known standards based interface to the application 212.

The application 112 may read, write and delete information
about stored objects 1n a database 120 included on or coupled
with the server 110. In other embodiments, the database 120
may be on a database server directly coupled to the server 110
or accessible over network 130 by server 110.

The server 110 may communicate with one or more groups
ol storage nodes 150 over a network 130. More specifically,
the application program 112 makes calls to or uses object
access system software 114 to read, write and delete objects
stored on the storage nodes 150. The storage nodes 150 may
cach run a local file system (LFS). The OAS 114 provides an
interface to the LEFS on the storage nodes 150.

The LFS may be an off the shelf, commonly used file
system or 1t may be a proprietary file system. Example off the
shell, commonly used file systems include the Network File
System (NFS), Common Internet File System (CIFS), and
others as well as using Web-based Distributed Authoring and
Versioning (webDAV) to manage and access files stored
according to file systems such as fourth extended files system
(ext4), New Technology File System (NTFS) and others.
When the LFS 1s a proprietary file system, 1t may be written to
include features and parameters set to enhance the perfor-
mance ol accessing objects. In another embodiment, the
server 110 may be coupled directly with one or more groups
of storage nodes 150. Each of the storage nodes 150 include
a plurality of storage media 160. The storage media 160 in a
storage node 150 may take various configurations, and may
include multiple RAID systems. Fach of the storage nodes
150 1include object file system software which controls access
to the storage media 160.

Database 120 may be used to store information about the
objects stored in the storage nodes 150 of the object file
system. The database may be a relational database. The data-
base 120 holds object identifiers for stored objects (shown in
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FIG. 3 as 300 and described below). The database 120 may
also include meta data about the objects, namely contextual or
control information including, but not limited to, an object
type such as, for example, video, audio, photo, text, etc.; the
creator of the object; the owner of the object; access permis-
s10ms; creation time; last access time; etc. The meta data may
be stored as key-value pairs. In some embodiments the meta
data 1s searchable. That 1s, 1n some embodiments, the appli-
cation 112 may search for objects according to the meta data
about objects included 1n the database 120.

The object file system may optionally include a tuming
server 140. The tuning server 140 retains overall knowledge
of the cluster of storage nodes 150 included 1n the object file
system 100. The tuning server 140 1s not 1n the primary data
path for object reads or writes. The tuning server’s role may
include, but 1s not limited to, making dynamic adjustments 1n
data placement to balance storage node capacity or improve
performance. The tuning server 140 may run on separate
hardware from the storage nodes 150, as shown, or 1t may run
on one or more of the storage nodes 150. The role of the
tuning server 140 may be distributed across some or all stor-
age nodes, and aspects of this role may be specialized among
distinct storage nodes 150. The tuning server 140 may have
access to backups designated within the system to access 1n
the event of a system impairment, such as, for example, a
storage node failure, network failure, efc.

The network 130 may be a local area network (LAN), a
wide area network (WAN), a storage area network (SAN), or
a combination of these. The network 130 may be wired,
wireless, or a combination of these. The network 130 may
include or be the Internet. The network 130 may be public or
private, may be a segregated network, and may be a combi-
nation of these. The server 110 and storage nodes 150 may be
connected to the network by wire lines, optical fiber cables,
wireless communication connections, and others, and may be
a combination of these.

In a related embodiment, the OAS 114 1s not located on a
server 110 but 1s distributed among each of the storage nodes
150. In this version, the storage nodes access a database on a
server or a database coupled with the network 130. In thas

version, the application 112 accesses the OAS on the storage
nodes to obtain object IDs using a standard protocol, such as,
for example, HITP.

FIG. 2 1s a block diagram of a second embodiment of an
object file system. An application server 210 may include an
application program 212 which accesses data. The data may
be stored on an object file system. To read, write and delete
data stored on the object file system, the application program
212 may communicate with the object file system through an
object access system application program interface (API) 213
which executes on the application server 210. The OAS API
213 may be a program, a module or merely an interface
library, depending on the embodiment. In this embodiment,
the application program 112 makes calls to the object access
system API 213 to read, write and delete objects on the
storage nodes 250. The OAS API 213 and the OAS program
214 may provide a proprietary, well known, or standards
based interface to the application 212. The object access
system API 213 communicates with the object access system
program 214 that resides on a gateway 220. The gateway 220
may be implemented using a server computer or other com-
puting device. The application server 210 may be coupled
directly with the gateway 220, as shown, or may communi-
cate with the gateway 220 over a network such as network

230. In another embodiment, the OAS API1213 is not included
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in the application server 210. In this embodiment, the appli-
cation 212 directly accesses the OAS program 214 on gate-
way 220.

In another embodiment, not shown, there 1s no gateway
220, and the features and functionality of the OAS program
214 are 1included 1n whole 1n one of the storage nodes 250 or
may be included in each of the storage nodes 250. In these
embodiments, the database 120 would be included 1n or
coupled with one or more of the storage nodes 250.

The OAS program 214 may read, write and delete infor-
mation about stored objects 1n a database 222 included on or
coupled with the gateway 220. The gateway 220 provides a
specialized interface to the storage nodes 250. The gateway
220 may communicate with one or more groups of storage
nodes 250 over the network 230. In another embodiment, the
gateway 220 may be coupled directly with one or more
groups ol storage nodes 250. Each of the storage nodes 250
include a plurality of storage media 260. Each of the storage
nodes 250 include a local file system, LFS, described above,
which controls access to the storage media 260.

Through the OAS 214 the OFS 200 may automatically
adapt to impairments in the file system. That 1s, the OAS 214
may monitor and recognize storage node failures; storage
device failures; storage nodes with diminished capacity such
as one or more down or dimimished drives; storage devices
with diminished capacity such as bad blocks or sectors; other
equipment failures; offline nodes; ofiline storage devices; and
other system anomalies. When impairments are recognized,
the OAS 214 may automatically adapt by accessing replicas
or backups of objects, disfavoring diminished or unavailable
storage nodes or storage devices, creating additional replicas
on alternate storage nodes, or initiating additional backups.

The OAS 214 may automatically adapt to the addition of
additional storage nodes and/or to the addition of storage
devices to a storage node. When a new storage device 1s added
to a storage node, the capacity of the storage node increases.
The OAS 214 may automatically favor a storage node with
new capacity for the storage of new objects or for the storage
of replicas of objects. When a new storage device 1s added to
a storage node, the OAS 214 may automatically redistribute
or migrate objects from more full nodes to the node with
added capacity. In this way, the OAS 214 may balance storage
ol objects among the storage nodes 250.

The object file system 200 may optionally include a tuning,
server 240. The tuning server 240 and/or the storage nodes
250 may perform the actions of the OAS 214 described in the
prior two paragraphs in conjunction with or 1 place of the
OAS 214.

The server computers 110 and 210, gateway 220, and tun-
ing servers 140 and 240 may be specialized or general pur-
pose computing devices, such as, for example, computing
devices that operate as a server. The server may be a special-
1zed server, such as an application server, a video server, a
graphics server, an advertisement server, a database server, or
other server.

The functionality and features of the object file system
described herein may be implemented as a combination of
software included in the server computers 110, 210 and 220,
and optionally 140 and 240. The OFS may be accessed by
applications 112 and 212 and be implemented as software
such as OAS 114 and OAS API 213, and may include data-
bases 120 and 222 and may optionally imnclude tuning soft-
ware included 1n tuning servers 140 and 240. In addition, a
controller (not shown) included internally in or externally
coupled with storage node 250 may contribute to the imple-
mentation of the methods described herein. As such, the
object file system systems and methods described herein may
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be implemented as software, hardware, or firmware, or a
combination of two or more of software, hardware and firm-
ware.

The servers as well as storage nodes 150 and 250 may
include one or more of logic arrays, memories, analog cir-
cuits, digital circuits, software, firmware, and processors such
as microprocessors, a field programmable gate arrays (FP-
(G As), application specific integrated circuits (ASICs), pro-
grammable logic device (PLDs) and programmable logic
array (PLAs). The hardware and firmware components of the
servers and/or controller may include various specialized
units, circuits, software and interfaces for providing the func-
tionality and features described herein. The processes, func-
tionality and features may be embodied 1n whole or 1n part in
soltware which operates on a controller and/or one or more
server computers and may be 1n the form of one or more of
firmware, an application program, object code, machine
code, an executable file, an applet, a COM object, a dynamic
linked library (DLL), a script, one or more subroutines, or an
operating system component or service, and other forms of
software. The hardware and software and their functions may
be distributed such that some components are performed by a
controller, server or other computing device, and others by
other controllers, servers or other computing devices.

A computing device as used herein refers to any device
with a processor, memory and a storage device that may
execute instructions such as soitware mcluding, but not lim-
ited to, personal computers, server computers, computing
tablets, set top boxes, video game systems, personal video
recorders, telephones, personal digital assistants (PDAs),
portable computers, and laptop computers. These computing

devices may run an operating system, including, for example,
versions of the Linux, Unix, MS-DOS, Microsoft Windows,

Palm OS, Solaris, Symbian, Android, Chrome, and Apple
Mac OS X operating systems. Computing devices may
include a network interface 1n the form of a card, chip or chup
set that allows for communication over a wired and/or wire-
less network. The network 1nterface may allow for commu-
nications according to various protocols and standards,
including, for example, versions of Ethernet, Infiniband®
network, Fibre Channel, and others. A computing device with
a network interface 1s network capable.

To store and provide data reliably to the requesting appli-
cation, the storage media 160 and 260 of the object file system
may be configured as Redundant Arrays of Inexpensive (or

Independent) Disks. There are various configurations of
RAID storage, including RAID 0, RAID 1, RAID 10, RAID

0+1, RAID 1+0, RAID 2, RAID 3, RAID 4, RAID 35, RAID
5+1, RAID 3540, RAID 53, X-RAID®, G-RAID®,
EZRAID®, SYNCRAID® systems, and others. Hard disk
drives and/or other media may also be arranged according to
other techniques as a group of disks and/or other media that
have a backup or redundancy feature. The term “storage
media” 1s used herein to refer to any configuration of hard
disk drives, solid-states drives and magnetic tape.

Each of the storage nodes 150 and 250 typically includes
multiple storage media, such as, for example, hard disk
drives, silicon storage devices, and others. The storage media
included 1n a storage node may be of the same capacity, may
have the same physical size, and may conform to the same
specification, such as, for example, a hard disk drive specifi-
cation. Example sizes of storage media include, but are not
limited to, 2.5" and 3.5". Example hard disk drive capacities
include, but are not limited to, 500 Mbytes, 1 terabyte and 2
terabytes. Example hard disk drive specifications include
Serial Attached Small Computer System Interface (SAS),
Serial Advanced Technology Attachment (SATA), and others.
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An example node may include 16 one terabyte 3.5" hard disk
drives conforming to the SATA standard. In other configura-
tions, the storage nodes may include more and fewer drives,
such as, for example, 10, 12, 24 32, 40, 48, 64, etc. In other
configurations, the storage media 1n a storage node may be
hard disk drives, silicon storage devices, magnetic tape
devices, or a combination of these. In some embodiments, the
physical size of the media 1n a storage node may differ, and/or
the hard disk drive or other storage specification of the media
in a storage node may not be uniform among all of the devices
in a storage node.

The storage media 1n a storage node may, but need not, be
included 1n a single cabinet, rack, shelf or blade. When the
storage media 1 a storage array are included in a single
cabinet, rack, shell or blade, they may be coupled with a
backplane. A controller may be included in the cabinet, rack,
shelf or blade with the storage devices. The backplane may be
coupled with or include the controller. The controller may
communicate with and allow for communications with the
storage media according to a storage media specification,
such as, for example, a hard disk drive specification. The

controller may include a processor, volatile memory and non-
volatile memory. The controller may be a single computer
chip such as an FPGA, ASIC, PLD and PLA. The controller
may include or be coupled with a network intertace.

In one embodiment, a group of storage media arranged as
a storage node may be included 1n a single cabinet or rack. In
another embodiment, multiple storage nodes may be included
in a single cabinet or rack. When 1n a single cabinet or rack,
storage nodes or storage media may be coupled with a back-
plane. A controller may be included 1n the cabinet with the
storage media and/or storage nodes. The backplane may be
coupled with the controller. The controller may communicate
with and allow for communications with the storage media.
The controller may include a processor, volatile memory and
non-volatile memory. The controller may be a single com-
puter chip such as an FPGA, ASIC, PLD and PLA.

The rack, shelf or cabinet containing a storage node 150
and 250 may include a communications 1ntertace that allows
for connection to a computing device and/or to a network. The
communications interface may allow for the transmission of
and receipt of information according to one or more of a

variety of standards, including, but not limited to, universal
serial bus (USB), IEEE 1394 (also known as Firewire® and

1.1ink®), Fibre Channel, Ethernet, WiF1 (also known as IEEE
802.11). The backplane or controller 1n a rack or cabinet
containing one or more storage nodes 150 and 250 may
include a network interface chip, chipset, card or device that
allows for communication over a wired and/or wireless net-
work, including Ethernet. In various embodiments, the stor-
age node, controller or backplane may provide for and sup-
port1,2,4,8, 12,16, etc. network connections and may have
an equal number of network interfaces to achieve this.

The techniques discussed herein are described with regard
to storage media including hard disk drives and solid-state
drives (also known as silicon storage devices). The techniques
may be implemented with other readable and writable storage
media.

As used herein, a storage device 1s a device that allows for
reading from and/or writing to a storage medium. Storage
devices include hard disk drives (HDDs), solid-state drives
(SSDs), DVD drives, tlash memory devices, and other mag-
netic media, optical media, solid-state media and flash
memory based storage devices. Storage media include mag-
netic media such as hard disks and tape, tlash memory, and

optical disks such as CDs, DVDs and BLU-RAY® discs.
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Objects 1n the object file system are accessed by and 1den-
tified by a unique object identifier. FIG. 3 1s a block diagram
of an embodiment of an object 1dentifier 300. According to
the object file system described herein, an object 1dentifier
300 includes three components and may include four com-
ponents: a version 1dentifier 302, a location 1dentifier 304, a
unique 1dentifier 306, and, optionally, flags 308. The version
identifier 302 refers to a particular version of the object such
that the system may have multiple copies or multiple versions
of the same object stored in one or more locations 1n the file
system. The version identifier 302 may be a simple integer
and may be represented by a byte of data. The location 1den-
tifier 304 specifies 1n which storage node or nodes an object
resides. The location identifier 304 may be a simple integer
and may be represented by a byte of data.

The location 1dentifier 304 may include both a group 1den-
tifier (“group ID”) and an 1ndex. The group ID may refer to a
grouping of objects. The grouping may be arbitrary or may
reflect that those objects are stored in a related the same
region, such as, for example, on a particular storage node or
on a particular storage media such as a drive or storage device.
The group ID may be used to map the object to a particular
storage node or storage media, such as a hard disk drive. The
mapping may be stored 1n a mapping file maintained by the
object file system. The mapping information 1s distributed
and 1s hierarchical. More specifically, the OAS stores a por-
tion of mapping information 1 memory, and the storage
nodes hold a portion of the mapping information 1n their
memory. Master copies of the mapping information are kept
on disk or other nonvolatile storage medium on the storage
nodes. The master copies of the mapping information are
dynamically updated to be consistent with any changes made
while the system 1s active. The index may be the specific
location of the object within the group. The index may refer to
a specific location on disk or other storage device. The index
may be a LUN i1dentifier or LUN ID. The LUN ID may be an
integer that 1dentifies a particular LUN and 1s represented by
a byte of data.

Hard disk drives and other storage media may store data as
logical units or LUNs. A LUN includes multiple bits, bytes,
words, blocks and stripes. The size of a LUN may be user
configurable, system configurable, or system defined, and
may be static or variable, depending on the embodiment of the
storage medium. LUN size may be measured in, for example,
bytes, megabytes, gigabytes, terabytes and blocks. In some
embodiments, LUNs may be a few gigabytes in size or a few
terabytes 1n s1ze. Fach LUN may be defined by the number of
blocks 1t contains. Example LUN sizes include 128 blocks,

256 blocks, 1024 blocks, and others. Example block sizes
include 512 bytes, 1024 bytes, 2048 bytes, 4096 bytes, and
others. So, the location identifier 304 may, in one embodi-
ment include a group ID and an index that may be a LUN ID.

The unique 1dentifier 306 1s a unique number or alphanu-
meric sequence that 1s used to identily the object on the
particular medium. The unique identifier 306 may be ran-
domly generated, may be the result of a hash function of the
object, or may be created using another technique. The unique
identifier 306 may be stored as 24 bits, 32 bits, 64 bits, 128
bits, etc. The total size of the object 1dentifier may be, for
example, 32 bits, 64 bits, 128 bits, etc. The umique 1dentifier
306 1s stored within the object itsell.

The object identifier 300 may optionally include flags 308.
Flags 308 may be used to distinguish between different types
by providing additional characteristics or features of the
object. The OAS may use the flags 1n evaluating whether to
retrieve or delete objects.
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In some embodiments, when the objects are large, the
object may be broken 1nto sub-objects. The flags 308 may be
usetul 1n the handling of large objects and their constituent
sub-objects. Similarly, the group ID that may be included as
part of the location 1D 304, and may be used 1n mapping and
reassembling the constituent parts of large objects.

Description of Processes

FIG. 4 1s a flow chart of the actions taken to write (or put)
an object to an object file system. Referring to the configura-
tion shown and described regarding FIG. 1, an application
passes a write request and object data (e.g., a file) to the OAS,
as shown 1n block 410. The write request may also include
meta data for and/or about the object. The OAS 1dentifies the
best storage node at which to store the object, as shown 1n
block 420. The “best” node may be evaluated according to
various criteria depending on the implementation and needs.
For example, the “best” node may be the least used storage
node, the most used (busiest) storage node, the most empty
storage node, and others. The OAS sends the object data with
a write request to the identified storage node, as shown 1n
block 430. Again, the write request may 1nclude meta data
about the object. The storage node creates an identifier for the
object, as shown in block 440. The 1dentifier 1s the object
identifier 300 described and shown regarding FIG. 3. The
storage node writes the object to a storage medium, as shown
in block 450. The storage node reports successiul write to the
OAS and provides the object identifier to the OAS, as shown
in block 460. The OAS then reports that the write was suc-
cessiul to the requesting application and provides the object
identifier to the database, as shown 1n block 470. In addition,
the OAS may also provide meta data about the object to the
database. The database maintains information about the
stored objects according to the object identifiers. The data-
base may also store and maintain meta data about stored
objects.

In one embodiment, when writing an object to a storage
node, the object may be replicated on one or more additional
storage nodes to provide for redundancy. The additional stor-
age nodes written to may be selected according to user speci-
fied or system default schemes, including, for example, geo-
graphical diversity or storage node farthest away, least
accessed storage node, least full storage node, or a combina-
tion of these and other criteria. The number of replicated
copies may be user specified or system default, and may be 1,
2,3, 5, etc. In one embodiment, the additional nodes written
to may be selected by the OAS. In this embodiment, the
additional storage nodes may be written to concurrently with
step 450 according to instructions sent by the OAS to the
particular storage nodes. In another embodiment, the addi-
tional storage nodes may be selected by the initial or primary
storage node such that the primary storage node sends repli-
cation instructions to one or more additional storage nodes.
The successiul write notice described in block 460 may, 1n
various embodiments, be provided when the primary storage
node 1s written to or after the primary storage node and all
replicated storage nodes are written to, depending on the
configuration. In various embodiments, replication may be
performed synchronously, that 1s, completed belfore the write
operation 1s acknowledged; asynchronously, that 1s, the rep-
licas may be written before, after or during the write of the
original or primary copy; or a combination of each. If asyn-
chronous, a second acknowledgement may be provided when
cach or all of the replicas or copies are written.

FIG. 5 1s a tlow chart of the actions taken to read an object
stored on an object file system. Referring to the embodiment
described and shown regarding FIG. 1, an application passes
a read request specitying an object 1identifier to the OAS, as
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shown 1n block 510. The OAS sends an object read request to
the storage node specified 1n the object identifier. Refer to the
object 1dentifier 300 described above and shown in FIG. 3.
The storage node reads the requested object from the storage
medium specified 1n the object 1dentifier, as shown 1n block
530. The storage node sends the requested object to the OAS,
as shown 1n block 340. The OAS may check to confirm that
the unique ID of the object received from the OFS matches the
unique ID 1n the object identifier. If there 1s no match, the read
will fail. In another embodiment, the storage node may per-
torm this check. This check adds a level of security to the read
request 1n that the requesting application will not receive an
object from the OAS unless the unique ID 1n the retrieved
object and the read request match. This check prevents appli-
cations from obtaining objects by guessing the location ID or
other components of the object 1dentifier. This check helps
ensure that the OAS 1s returning the object requested. The
OAS provides the requested object to the application, as
shown 1n block 550.

In an embodiment in which replicated copies of objects are
stored on multiple storage nodes, the OAS may select to read
from the primary storage node or one of the replicated storage
nodes. The OAS may select the replicated storage node from
which to access the object according to various schemes or a
combination of criteria, including, for example, random
selection, shortest path/closest, highest speed connection,
least accessed storage node, and others. The selection of
primary or replicated copy of the object and of which repli-
cated storage node should be accessed 1s performed by the
OAS between steps 510 and 520 of FIG. 5.

FI1G. 6 1s a flow chart of the actions taken to delete an object
stored on an object file system. Referring to the embodiment
described and shown regarding FI1G. 1, an application passes
a delete request specilying an object identifier to the OAS, as
shown 1n block 610. The OAS sends an object deletion
request to the storage node specified in the object identifier, as
shown 1n block 620. The storage node deletes the specified
object and reports successiul deletion of the specified object
to the OAS, as shown 1n block 630. In one embodiment,
betfore deletion of the specified node, the storage node or the
OAS checks to confirm that the unique ID of the object to be
deleted and the unique ID 1n the object identifier included 1n
the delete request match. Only 1f the unique 1Ds match, 1s the
object deleted. This check adds a level of security to the delete
request 1n that the requesting application will not delete an
object unless the unique ID of the stored object and the delete
request match. This check prevents applications from delet-
ing objects by guessing the location ID or other components
ol the object 1dentifier. This check helps ensure that the speci-
fied object 1s actually the object being deleted. After the
object 1s deleted, the OAS reports successiul deletion of the
specified object to the requesting application and deletes the
object identifier from the database, as shown 1n block 640.

In an embodiment 1n which replicated copies of objects are
stored on multiple storage nodes, depending on the embodi-
ment, the OAS may send an object deletion 1nstruction to the
primary storage node to delete the object, and the primary
storage node may then send object deletion 1instructions to
additional storage nodes to delete the replicated copies of the
object, as shown in block 620. In another embodiment, the
OAS may send object deletion 1nstructions to the primary
storage node and the additional storage nodes on which the
replicated copies are stored, as shown 1n block 620.

In one embodiment successiul deletion may be reported
alter the primary storage node has deleted the object or after
the primary and all replicated copied have been deleted from
additional storage nodes, as shown 1n blocks 630 and 640.
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FIG. 7 1s a flow chart of the actions taken to reserve space
for an object to be stored on an object file system. An appli-
cation passes a reserve request to the OAS, as shown 1n block
710. The OAS 1dentifies the best storage node at which to
make the reservation, as shown 1n block 720. The OAS sends
a reservation request to the identified storage node, as shown
in block 730. The storage node creates an i1dentifier for the
reservation, as shown in block 740. The storage node reports
the successtul reservation to the OAS and provides the object
identifier to the OAS, as shown in block 750. The OAS reports
the successiul reservation to the requesting application, as
shown 1n block 760. The application manages the object
identifier and may provide the object 1dentifier to the data-
base, as shown 1n block 770.

FIG. 8 1s a flow chart of the actions taken to implement a
reserve write (or put) for an object to be stored on an object
file system. An application passes a write request speciiying
areserved object to the OAS, as shown 1n block 810. The OAS
identifies the best OFS node holding a reservation for the
specified object, as shown 1n block 820. The OAS sends a
write request specitying the reserved object to the 1dentified
OFS node, as shown in block 830. The OFS node verifies the
presence ol a reservation for the specified object, as shown in
block 840. The OFS node writes the object to a storage
medium, as shown 1n block 850. The OFS node reports the
successiul write of the specified object to the OAS, as shown
in block 860. The OAS reports the successiul write of the
speciflied object to the requesting application, as shown 1n
block 870. The application manages the object 1dentifier and
may provide the object 1dentifier to the database, as shown in
block 880.

Closing Comments

Throughout this description, the embodiments and
examples shown should be considered as exemplars, rather
than limitations on the apparatus and procedures disclosed or
claimed. Although many of the examples presented herein
involve specific combinations of method acts or system ele-
ments, 1t should be understood that those acts and those
clements may be combined in other ways to accomplish the
same objectives. With regard to flowcharts, additional and
fewer steps may be taken, and the steps as shown may be
combined or further refined to achieve the methods described
herein. Acts, elements and features discussed only 1n connec-
tion with one embodiment are not intended to be excluded
from a similar role 1n other embodiments.

As used herein, “plurality” means two or more.

Asused herein, a “set” of items may 1iclude one or more of
such 1tems.

As used herein, whether in the written description or the
claims, the terms “‘comprising”’, “including”, “carrying”,
“having”, “containing”’, “involving™”, and the like are to be
understood to be open-ended, 1.e., to mean including but not
limited to. Only the transitional phrases “consisting of” and
“consisting essentially of”, respectively, are closed or semi-
closed transitional phrases with respect to claims.

Use of ordinal terms such as “first”, “second”, “third™, etc.,
in the claims to modify a claim element does not by itself
connote any priority, precedence, or order of one claim ele-
ment over another or the temporal order 1n which acts of a
method are performed, but are used merely as labels to dis-
tinguish one claim element having a certain name from
another element having a same name (but for use of the
ordinal term) to distinguish the claim elements.

As used herein, “and/or” means that the listed items are
alternatives, but the alternatives also include any combination
of the listed items.
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It 1s claimed:

1. A method for accessing objects comprising:

object access software on a server receiving from an appli-
cation program an object write request, the write request
including an object comprised of object data and meta
data

the object access software selecting a best storage node
from a plurality of storage nodes on which to store the
object including i1dentifying and evaluating among a
least busy storage node, a most used storage node and a
least full storage node of the plurality of storage nodes

the object access soltware selecting additional storage
nodes from the plurality of storage nodes on which to
store the object

the object access soitware sending the object and the object

write request to the best storage node

the object access software sending the object and the object

write request to the additional storage nodes

the object access soltware recerving a first write success

message from the best storage node, the first write suc-
cess message mcluding an object identifier, the object
identifier including a version i1dentifier, a location 1den-
tifier and a unique identifier

the object access software reporting successtul writing of

the object to the application program including provid-
ing the object 1dentifier to the application program

the object access software receiving additional write suc-

cess messages from the additional storage nodes

the object access software recognizing the addition of a

new storage node

the object access software automatically adapting to the

new storage node including redistributing objects from a
more full node of the plurality of storage nodes to the
new storage node.

2. The method of claim 1 further comprising:

the object access software receiving a read request for a

requested object specifying the object identifier

the object access software selecting to obtain the requested

object from among the best storage node, the new stor-
age node and the additional storage nodes according to
criteria including a shortest path, a highest speed con-
nection, and a least accessed.

3. The method of claim 1 wherein each storage node
includes a plurality of storage media.

4. The method of claim 3 wherein the storage media are one
or more selected from the group 1including hard disk drives,
s1licon storage devices and magnetic tape devices.

5. The method of claim 1 wherein each storage node runs a
local file system.

6. The method of claim 1 wherein the meta data includes at
least one selected from the group including an object creator,
object owner, access permissions, and a creation time.

7. The method of claim 1 further comprising;:

the object access software storing the object identifier and

the meta data for the object 1n a database.

8. A non-transitory storage medium having instructions
stored thereon which when executed by a processor cause the
processor to perform actions comprising:

receiving from an application program an object write

request, the write request including an object comprised
of object data and meta data

selecting a best storage node from a plurality of storage

nodes on which to store the object including identifying
and evaluating among a least busy storage node, a most
used storage node and a least full storage node of the
plurality of storage nodes
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selecting additional storage nodes from the plurality of

storage nodes on which to store the object

sending the object and the object write request to the best

storage node

sending the object and the object write request to the addi-

tional storage nodes

recerving a first write success message from the best stor-

age node, the write success message including an object
identifier, the object identifier including a version 1den-
tifier, a location 1dentifier and a unique 1dentifier
reporting successiul writing of the object to the application
program including providing the object identifier
recerving additional write success messages from the addi-
tional storage nodes

recognizing the addition of a new storage node

automatically adapting to the new storage node including,

redistributing objects from a more full node of the plu-
rality of storage nodes to the new storage node.

9. The non-transitory storage medium of claim 8 have
turther mstructions stored thereon which when executed by
the processor cause the processor to perform further actions
including:

receving a read request for a requested object specitying

the object 1dentifier

selecting to obtain the requested object from among the

best storage node, the new storage node and the addi-
tional storage nodes according to criteria including a

shortest path, a highest speed connection, and a least
accessed.

10. The non-transitory storage medium of claim 8 wherein
cach storage node includes a plurality of storage media.

11. The non-transitory storage medium of claim 10
wherein the storage media are one or more selected from the
group including hard disk drives, silicon storage devices and
magnetic tape devices.

12. The non-transitory storage medium of claim 8 wherein
cach storage node runs a local file system.

13. The non-transitory storage medium of claim 8 wherein
the meta data includes at least one selected from the group
including an object creator, object owner, access permissions,
and a creation time.

14. The non-transitory storage medium of claim 8 have
turther mstructions stored thereon which when executed by
the processor cause the processor to perform further actions
including;

storing the object identifier and the meta data for the object
in a database.

15. A computing device to manage a plurality of storage

arrays of storage devices, the computing device comprising:
a Processor;
a memory coupled with the processor;
a storage medium having instructions stored thereon which
when executed cause the computing device to perform
actions comprising;:
receiving from an application program an object write
request, the write request including an object com-
prised ol object data and meta data

selecting a best storage node from a plurality of storage
nodes on which to store the object including 1dentify-
ing and evaluating among a least busy storage node, a
mostused storage node and a least full storage node of
the plurality of storage nodes

selecting additional storage nodes from the plurality of
storage nodes on which to store the object

sending the object and the object write request to the best
storage node
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sending the object and the object write request to the
additional storage nodes
receiving a first write success message from the best
storage node, the write success message including an
object identifier, the object identifier including a ver-
s1on 1dentifier, a location 1dentifier and a unique 1den-
tifier
reporting successiul writing of the object to the applica-
tion program 1ncluding providing the object identifier
receiving additional write success messages from the
additional storage nodes
recognizing the addition of a new storage node
automatically adapting to the new storage node includ-
ing redistributing objects from a more full node of the
plurality of storage nodes to the new storage node.
16. The computing device of claim 15 wherein the storage
medium has further mstructions stored thereon which when
executed cause the computing device to perform further
actions comprising;
receiving a read request for a requested object specilying
the object 1dentifier
selecting to obtain the requested object from among the
best storage node, the new storage node and the addi-
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tional storage nodes according to criteria including a
shortest path, a highest speed connection, and a least
accessed.

17. The computing device of claim 15 wherein each storage
node includes a plurality of storage media.

18. The computing device of claim 17 wherein the storage
media are one or more selected from the group including hard
disk drives, silicon storage devices and magnetic tape
devices.

19. The computing device of claim 15 wherein each storage
node runs a local file system.

20. The computing device of claim 15 wherein the meta
data includes at least one selected from the group including an
object creator, object owner, access permissions, and a cre-
ation time.

21. The computing device of claim 135 wherein the storage
medium has further mstructions stored thereon which when
executed cause the computing device to perform further
actions comprising:

storing the object 1identifier and meta data for the object in

a database.
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